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(54) Pipeline-type multi-processor system 

(57) The pipehne-type multi-processor system 
including a plurality of processor elements (21-23) for 
pipeline-processing data, a plurality of buffers (11-14) 
for holding input data and a processing result of each 
processor element, the buffers and the processor ele- 
ments being cascade-connected in turn between data 



input and output, and a debug unit (51, 52) for selec- 
tively and externally outputting a processing result of 
each processor element for monitoring at the time of 
debugging. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001 ] The present invention relates to a pipeline-type 
mu It i -processor system and, more particularly, to a 
pipeline-type multi-processor system enabling high- 
speed processing of a large volume of data. 

DESCRIPTION OF THE RELATED ART 

[0002] Conventional pipeline-type multi-processor 
system of this kind includes a buffer means and a proc- 
essor element provided at each stage and because of 
its pipeline processing in which predetermined data 
processing is simultaneously and sequentially con- 
ducted at each processor element, the system is used, 
for example, in high-speed processing of a large volume 
of sequential data such as image data. 
[0003] This conventional pipeline-type multi-processor 
system will be described with reference to a drawing. 
[0004] Fig. 3 is a block diagram showing an example 
of this conventional pipeline-type multi -processor sys- 
tem. With reference to Fig. 3. the conventional pipeline- 
type multi -processor system includes FIFO buffers 110 
- 140 and processor elements 210 230 provided 
between a data input terminal 100 and a data output ter- 
minal 200 and has a shared bus 300 and a shared bus 
terminal 400. 

[0005] The FIFO buffers 1 10 • 140 are each consti- 
tuted by a memory or a register and hold data to be 
accessed by the processor elements 210 - 230, respec- 
tively. This conventional art employs a first-in first-out 
buffer means which first outputs first input data. The 
FIFO buffer 110, for example, first outputs data which is 
first applied from the data input terminal 1 00 to the proc- 
essor element 210. 

[0006] The processor elements 210 - 230 receive 
input of data from the FIFO buffers 1 10 - 130, respec- 
tively, and conduct their predetermined data processing 
to output data of the processing results to the FIFO buff- 
ers 120 - 140, respectively. The processor element 210, 
for example, receives input of data from the FIFO buffer 
110 and conducts predetermined data processing to 
output data of the processing result to the FIFO buffer 
120. In addition, each of the processor elements 210 - 
230 is allowed to access external shared resources 
through the shared bus 300 and the shared bus terminal 
400. 

[0007] By pipeline processing, that is, receiving input 
of a large volume of sequential data such as image data 
through the data input terminal 100 and conducting pre- 
determined data processing simultaneously and 
sequentially at each of the processor elements 210 - 
230, this conventional pipeline-type multi-processor 
system processes a large volume of data at a high 



speed and outputs the processing results to the data 
output terminal 200. On this occasion, at the time of 
conducting predetermined data processing, each of the 
processor elements 210 - 230 accesses external 

5 shared resources through the shared bus 300 and the 
shared bus terminal 400 as required. 
[0008] Fig. 4 is a block diagram showing another 
example of a conventional pipeline-type multi-processor 
system. With reference to Fig. 4, the conventional pipe- 

w line-type multi-processor system includes buffers 410 - 
440, processor elements 210 - 240 and a DMA control- 
ler 31 0 and has a shared bus 300 and a shared bus ter- 
minal 400. 

[0009] Each of the buffers 41 0 - 440 is constituted by 

/5 a memory or a register. In this conventional art. the buff- 
ers 410 - 440 are cascade-connected between a data 
input terminal 100 and a data output terminal 200. In 
synchronization with a control signal from the DMA con- 
troller 310. data transfer between input and output of the 

so respective buffers 410 - 440 is executed. Here, the buff- 
ers 410 - 440 are accessed by the processor elements 
210 - 240, respectively, to conduct predetermined data 
processing except when data transfer is conducted. 
[0010] In synchronization with the output of the DMA 

25 controller 310, the processor elements 210 - 240 
access transfer data applied to the respective buffers 
410 - 440 and conduct predetermined data processing 
to store the respective processing results at the buffers 
410 - 440 as transfer data. 

30 [001 1 ] In response to the completion of the processing 
of the respective processor elements 210 - 240, the 
DMA controller 310 conducts synchronous control of 
the data transfer between input and output of the buffers 
410-440. 

35 [0012] By pipeline processing, that is, receiving input 
of a large volume of sequential data such as image data 
through the data input terminal 100, transferring data 
between the respective buffers 410 - 440 in synchroni- 
zation with the output of the DMA controller 310 and 

40 conducting predetermined data processing simultane- 
ously and sequentially at each of the processor ele- 
ments 210 - 240, this conventional pipeline-type multi- 
processor system processes a large volume of data at a 
high speed and outputs the processing results to the 

45 data output terminal 200. 

[001 3] The above-described pipeline processing is the 
same as that of the conventional art of Fig. 3 except that 
data transfer between the respective buffers 41 0 - 440 is 
conducted in synchronization with the completion of the 

so processing of the respective processor elements 210 - 
240 , and the processor elements 210 - 240 access 
external shared resources through the shared bus 300 
and the shared bus terminal 400 as required for con- 
ducting predetermined data processing. 

55 [0014] These conventional pipeline-type multi-proces- 
sor systems, however, have shortcomings that because 
processing results which can be externally monitored 
are only the output data at a data output terminal, erro- 
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neous operation in a plurality of data processing which 
are internally pipeline-processed can not be directly 
specified and the number of test steps or the number of 
debugging steps is accordingly large. 

5 

SUMMARY OF THE INVENTION 

[001 5] A first object of the present invention is to pro- 
vide a pipeline-type multi -processor system enabling 
the number of test steps or the number of debugging io 
steps to be drastically reduced. 
[0016] A second object of the present invention is to 
provide a pipeline-type multi-processor system capable 
of externally monitoring processing results of each proc- 
essor element in real time during real operation without is 
affecting access to shared resources. 
[001 7] According to one aspect of the invention, a 
pipeline-type multi-processor system, comprises 

a plurality of processor elements for pipeline- 20 
processing data. 

a plurality of buffer means for holding input data and 
processing results of the respective processor ele- 
ments, the buffer means and the processor ele- 
ments being cascade-connected in turn between 25 
data input and output means, and 
output means for selectively outputting a process- 
ing result of each the processor elements for moni- 
toring at the time of debugging. 

30 

[001 8] In the preferred construction, the output means 
selectively outputs one of the respective processing 
results to a shared bus which connects external shared 
resources and each the processor elements in 
response to a control signal at the time of debugging. 35 
[001 9] In another preferred construction, the output 
means are provided in the plural corresponding to the 
respective processor elements. 
[0020] In another preferred construction, the output 
means are provided in the plural corresponding to the <o 
processor elements excluding the processor element at 
the final stage. 

[0021 ] According to another aspect of the invention, a 
pipeline-type multi-processor system, comprises 

45 

a plurality of buffer means cascade-connected 
between data input and output means for holding 
and transferring data, 

a plurality of processor elements for accessing the 
respective buffer means to conduct pipeline so 
processing, 

a DMA controller for conducting synchronous con- 
trol of data transfer between the respective buffer 
means in response to the completion of the 
processing of each the processor elements, and 55 
output means for selectively and externally output- 
ting transfer data from each the buffer means for 
monitoring at the time of debugging. 



[0022] In the preferred construction, the output means 
comprises control means responsive to a control signal 
for exercising control for selecting one of the respective 
transfer data and outputting the selected data to a 
debugging bus shared by the respective processor ele- 
ments for monitoring at the time of debugging. 
[0023] In another preferred construction, the output 
means comprises a gate circuit responsive to the output 
of the control means for gating each the transfer data 
and outputting the transfer data to the debugging bus for 
monitoring. 

[0024] In another preferred construction, the output 
means comprises a plurality of gate circuits for gating, 
for each the buffer means, each the transfer data and 
outputting the transfer data to the debugging bus for 
monitoring, and control means for selecting the gate cir- 
cuit which will output the transfer data for monitoring 
based on the control signal at the time of debugging. 
[0025] In another preferred construction, the output 
means comprises a plurality of gate circuits for gating, 
for each the buffer means excluding the buffer means at 
the final stage, each the transfer data and outputting the 
transfer data to the debugging bus for monitoring, and 
control means for selecting the gate circuit which will 
output the transfer data for monitoring based on the 
control signal at the time of debugging. 
[0026] Other objects, features and advantages of the 
present invention will become clear from the detailed 
description given herebelow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The present invention will be understood more 
fully from the detailed description given herebelow and 
from the accompanying drawings of the preferred 
embodiment of the invention, which, however, should 
not be taken to be limitative to the invention, but are for 
explanation and understanding only. 
[0028] In the drawings: 

Rg. 1 is a block diagram showing a first embodi- 
ment of a pipeline-type multi-processor system of 
the present invention; 

Rg. 2 is a block diagram showing a second embod- 
iment of the pipeline-type multi-processor system of 
the present invention; 

Rg. 3 is a block diagram showing an example of a 
conventional pipeline-type multi -processor system; 
Rg. 4 is a block diagram showing another example 
of a conventional pipeline-type multi-processor sys- 
tem. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0029] The preferred embodiment of the present 
invention will be discussed hereinafter in detail with ref- 
erence to the accompanying drawings. In the following 
description, numerous specific details are set forth in 
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order to provide a thorough understanding of the 
present invention. It will be obvious, however, to those 
skilled in the art that the present invention may be prac- 
ticed without these specific details. In other instance, 
well-known structures are not shown in detail in order to 
unnecessary obscure the present invention. 
[0030] Fig. 1 is a block diagram showing structure of 
a pipeline-type multi-processor system according to a 
first embodiment of the present invention. 
[0031] With reference to Fig. 1 , the pipeline-type multi- 
processor system of the present embodiment includes 
FIFO buffers 11 - 14 and processor elements 21-23 
provided between a data input terminal 10 and a data 
output terminal 20. has a shared bus 30 and a shared 
bus terminal 40 and further includes debug units 51 and 
52. These components except the debug units 51 and 
52 are the same as their counterparts illustrated in Fig 
3. 

[0032] The FIFO buffers 11-14 hold data to be 
accessed by the processor elements 21 - 23, respec- 
tively. The FIFO buffer 1 1 , for example, first outputs data 
first input from the data input terminal 10 to the proces- 
sor element 21 . 

[0033] The processor elements 21 - 23 receive input 
of data from the FIFO buffers 1 1 • 13 to conduct prede- 
termined data processing and output data of processing 
results to the FIFO buffers 12 - 14, respectively. The 
processor element 21. for example, receives input of 
data from the FIFO buffer 1 1 to conduct predetermined 
data processing and outputs data of the processing 
result to the FIFO buffer 12. Each of the processor ele- 
ments 21-23 accesses external shared resources not 
shown through the shared bus 30 and the shared bus 
terminal 40. 

[0034] Input data to the FIFO buffers 12 and 13 are 
applied to the debug units 51 and 52, respectively. In 
addition, the outputs of the debug units 51 and 52 are 
connected to the shared bus 30 such that contents of 
the debug units 51 and 52 are output through the 
shared bus 30. 

[0035] According to the control of a control signal CS. 
each of the debug units 51 and 52, at debugging, 
selects one of the processing results of the respective 
processor elements 21-23 and outputs, for monitoring, 
the selected result to the shared bus 30 which connects 
the external shared resources and the respective proc- 
essor elements 21 - 23. Inputs to the FIFO buffers 12 
and 13, that is, processing results obtained at the proc- 
essor element 21 and the processor element 22 can be 
monitored at the shared bus terminal 40. 
[0036] As to the first and the last stages, since they 
can be monitored at the data input terminal 10 and the 
data output terminal 20. no debug unit is provided. 
[0037] Next, operation of the above-described system 
will be described. By receiving input of a large volume of 
sequential data such as image data through the data 
input terminal 10 and simultaneously and sequentially 
conducting predetermined data processing at each of 



the processor elements 21 - 23, that is, by conducting 
pipeline processing, the pipeline-type multi -processor 
system of the present embodiment processes a large 
volume of data at a high speed to output final process- 
5 ing data to the data output terminal 20. 

[0038] At the same time, at the time of debugging, one 
of the processing results of the processor elements 21 
and 22 is selected by the debug units 51 and 52 and is 
output to the shared bus 30 and then output to the 
w shared bus terminal 40 for monitoring in response to the 
control signal CS. 

[0039] As a result, for example, the input data applied 
to the data input terminal 10 and the processing result 
obtained by the processor element 21 which is selec- 
15 lively output to the shared bus terminal 40 by the debug 
unit 51 make it possible to check whether the processor 
element 21 normally operates or not. Also, the process- 
ina result obtained by the processor element 21 which is 
selectively output to the shared bus terminal 40 by the 
20 debug unit 51 and the processing result obtained by the 
processor element 22 which is selectively output to the 
shared bus terminal 40 by the debug unit 52 make it 
possible to check whether the processor element 22 
normally operates or not. Furthermore, the processing 
25 result obtained by the processor element 22 which is 
selectively output to the shared bus terminal 40 by the 
debug unit 52 and the processing result obtained at the 
data output terminal 20 by the processor element 23 
make it possible to check whether the processor ele- 
30 ment 23 normally operates or not. 

[0040] As described in the foregoing, input data to be 
processed and processed data make it possible to 
check whether each processor element normally oper- 
ates or not. 

35 [0041 ] Fig. 2 is a block diagram showing structure of 
a pipeline-type multi-processor system according to a 
second embodiment of the present invention. 
[0042] With reference to Fig. 2, the pipeline-type multi- 
processor system of the present embodiment includes 
40 buffers 41 - 44, processor elements 21 - 24 and a DMA 
controller 31 and has a shared bus 30 and a shared bus 
terminal 40. and further includes a debug controller 61 
and gate circuits 71 - 73 and has a debugging bus 60 
and a debugging bus terminal 70 which are shared by 
45 the respective processor elements 21 • 24. 

[0043] The components except the debug controller 
61 and the gate circuits 71 - 73 are the same as their 
counterparts illustrated in Fig. 4. More specifically, the 
buffers 41 - 44 are each constituted by a memory or a 
so register and cascade-connected between a data input 
terminal 1 0 and a data output terminal 20. In synchroni- 
zation with a control signal from the DMA controller 31 , 
data transfer between input and output of the respective 
buffers 41 - 44 is executed. Here, the buffers 41 - 44 are 
55 accessed by the processor elements 21 - 24. respec- 
tively, to conduct predetermined data processing except 
when data transfer is conducted. In addition, in synchro- 
nization with the output of the DMA controller 31. the 
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processor elements 21-24 respectively access transfer 
data applied to the buffers 41 - 44 to conduct predeter- 
mined data processing and -store their processing 
results at the buffers 41 - 44 as transfer data. The DMA 
controller 31 conducts synchronous control of data 5 
transfer between input and output of the respective buff- 
ers 41 - 44 in response to the completion of the process- 
ing of the processor elements 21 - 24. 
[0044] Data to be processed is applied through the 
data input terminal 10 and stored in the buffer 41 at the 10 
first stage by the control of the DMA controller 31 . This 
data is processed by the processor element 21 and 
upon completion of the processing, the processing 
result is stored in the buffer 42 at the subsequent stage 
by the control of the DMA controller 31. Then, upon 15 
completion of the processing of the final stage, the 
processing result is output through the data output ter- 
minal 20 by the control of the DMA controller 31 . 
[0045] The debug controller 61. at debugging, exer- 
cises control in response to the control signal CS such so 
that one of the transfer data of the respective buffers 41 
- 44 is selected and output for monitoring to the debug- 
ging bus 60 shared by the respective processor ele- 
ments 21 - 24. 

[0046] The gate circuits 71-73 are provided between 25 
the buffers 41 - 44 at the respective stages for gating 
transfer data of the respective buffers 41 - 44 and out- 
putting the same to the debugging bus 60 for monitoring 
under control of the debug controller 61 . 
[0047] As to the first stage and the last stage, since 30 
they can be monitored at the data input terminal 10 and 
the data output terminal 20, no gate circuit is provided. 
[0048] Next, operation of the system of the present 
embodiment will be described. By receiving input of a 
large volume of sequential data such as image data 35 
through the data input terminal 10, conducting data 
transfer between the respective buffers 41 - 44 in syn- 
chronization with the output of the DMA controller 31 
and simultaneously and sequentially conducting prede- 
termined data processing at each of the processor ele- 40 
ments 21 - 23, that is, by conducting pipeline 
processing, the pipeline-type multi-processor system of 
the present embodiment processes a large volume of 
data at a high speed and outputs processing data to the 
data output terminal 20. 45 
[0049] At the same time, at the time of debugging, the 
debug controller 61 exercises control in response to the 
control signal CS for selecting one of the gate circuits 71 
• 73, so that the selected gate circuit gates transfer data 
of its corresponding buffer and outputs the same to the so 
debugging bus 60 and then to the debugging bus termi- 
nal 70 for monitoring. 

[0050] As a result, for example, the input data applied 
to the data input terminal 10 and the processing result 
obtained by the processor element 21 which is output to 55 
the debugging bus terminal 70 by the gate circuit 71 
make it possible to check whether the processor ele- 
ment 21 normally operates or not. Also, the processing 



result obtained by the processor element 21 which is 
output to the debugging bus terminal 70 by the gate cir- 
cuit 71 and the processing result obtained by the proc- 
essor element 22 which is output to the debugging bus 
terminal 70 by the gate circuit 72 make it possible to 
check whether the processor element 22 normally oper- 
ates or not. The processing result obtained by the proc- 
essor element 22 which is output to the debugging bus 
terminal 70 by the gate circuit 72 and the processing 
result obtained by the processor element 23 which is 
output to the debugging bus terminal 70 by the gate cir- 
cuit 73 make it possible to check whether the processor 
element 23 normally operates or not. Also, the process- 
ing result obtained by the processor element 23 which is 
output to the debugging bus terminal 70 by the gate cir- 
cuit 73 and the processing result obtained at the data 
output terminal 20 by the processor element 24 make it 
possible to check whether the processor element 24 
normally operates or not. 

[0051 ] Since the pipeline-type multi-processor system 
of the present embodiment uses, at the time of debug- 
ging, not the shared bus 30 and the shared bus terminal 
40 but the debugging bus 60 and the debugging bus ter- 
minal 70 dedicated to debugging, the system is allowed 
to externally monitor processing results of the respec- 
tive processor elements 21 - 24 in real time during real 
operation without affecting access to shared resources. 
Debugging during real-time processing is accordingly 
possible. 

[0052] Although the above-described second embod- 
iment is structured such that data of the buffers at the 
respective stages is output to the debugging bus termi- 
nal 70 while sharing the debugging bus 60, it can be 
structured to have a debug output terminal at each of 
the gate circuits 71 - 73 without the provision of the 
debugging bus 60 and the debugging bus terminal 70. 
[0053] As described in the foregoing, the pipeline-type 
multi-processor system according to the present inven- 
tion has the effects of, at the time of debugging, select- 
ing one of processing results of the respective 
processor elements and outputting the same for moni- 
toring to directly specify erroneous operation in a plural- 
ity of data processing which are simultaneously and 
sequentially pipeline-processed in the system, thereby 
drastically reducing the number of test steps or the 
number of debugging steps. 

[0054] Although the invention has been illustrated and 
described with respect to exemplary embodiment 
thereof, it should be understood by those skilled in the 
art that the foregoing and various other changes, omis- 
sions and additions may be made therein and thereto, 
without departing from the spirit and scope of the 
present invention. Therefore, the present invention 
should not be understood as limited to the specific 
embodiment set out above but to include all possible 
embodiments which can be embodies within a scope 
encompassed and equivalents thereof with respect to 
the feature set out in the appended claims. 
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Claims 

1. A pipeline-type multi-processor system, compris- 
ing: 

a plurality of processor elements (21-23) for 
pipeline-processing data; 
a plurality of buffer means (11-14) for holding 
input data and processing results of the 
respective processor elements, said buffer 
means and said processor elements being cas- 
cade-connected in turn between data input and 
output means (10. 20); and 
output means (51, 52) for selectively outputting 
a processing result of each said processor ele- 
ments for monitoring at the time of debugging. 

2. The pipeline-type multi-processor system as set 
forth in claim 1 , wherein 

said output means (51 , 52) 
selectively outputs one of said respective 
processing results to a shared bus which con- 
nects external shared resources and each said 
processor elements in response to a control 
signal at the time of debugging. 

3. The pipeline-type multi-processor system as set 
forth in claim 1 , wherein 

said output means (51 , 52) are provided in the 
plural corresponding to said respective proces- 
sor elements. 

4. The pipeline-type multi-processor system as set 
forth in claim 1 , wherein 



6. 



10 



15 7. 



25 



30 



35 



said output means (51. 52) are provided in the 
plural corresponding to said processor ele- 
ments excluding said processor element at the 40 
final stage. 

A pipeline-type multi-processor system, compris- 
ing: 



a plurality of buffer means (41-44) cascade- 
connected between data input and output 
means (10, 20) for holding and transferring 
data; 

a plurality of processor elements (21-24) for 
accessing said respective buffer means to con- 
duct pipeline processing; 
a DMA controller (31) for conducting synchro- 
nous control of data transfer between said 
respective buffer means in response to the 
completion of the processing of each said proc- 
essor elements; and 

output means for selectively outputting transfer 



45 



50 



55 



data from each said buffer means for monitor- 
ing at the time of debugging. 

The pipeline-type multi -processor system as set 
forth in claim 5, wherein 

said output means comprising 
control means (61) responsive to a control sig- 
nal for exercising control for selecting one of 
said respective transfer data and outputting the 
selected data to a debugging bus shared by 
said respective processor elements for moni- 
toring at the time of debugging. 

The pipeline-type multi-processor system as set 
forth in claim 5, wherein 

said output means comprising 
a gate circuit responsive to the output of said 
control means for gating each said transfer 
data and outputting said transfer data to said 
debugging bus for monitoring. 

The pipeline-type multi-processor system as set 
forth in claim 5. wherein 

said output means comprising 
a plurality of gate circuits (71 -73) for gating, for 
each said buffer means, each said transfer data 
and outputting said transfer data to said debug- 
ging bus for monitoring, and 
control means (61) for selecting said gate cir- 
cuit which will output said transfer data for mon- 
itoring based on the control signal at the time of 
debugging. 

The pipeline-type multi-processor system as set 
forth in claim 5, wherein 

said output means comprising 
a plurality of gate circuits (71 -73) for gating, for 
each said buffer means excluding said buffer 
means at the final stage, each said transfer 
data and outputting said transfer data to said 
debugging bus for monitoring, and 
control means (61) for selecting said gate cir- 
cuit which will output said transfer data for mon- 
itoring based on the control signal at the time of 
debugging. 
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